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Abstract. We investigate whether the newly observed narrow resonance Zc(4025) can be described as a
D∗D¯∗ molecular state with quantum numbers JP = 1+. Using QCD sum rules, we consider contributions
up to dimension six in the operator product expansion and work at leading order of αs. The mass obtained
for this state is (4.05 ± 0.28) GeV. It is concluded that D∗D¯∗ molecular state is a possible candidate for
Zc(4025).
1 Introduction
The existence of charged states containing cc¯ represents
an indisputable signal of the exotic states. There are three
charged states Z+(4050), Z+(4250) and Z+(4430), which
were discovered by the Belle collaboration in B-decays [1,
2]. This discovery has triggered many theoretical inves-
tigations on the nature of this structure [3]. However,
Babar did not confirm the existence of these three charged
states [4]. Recall that two charged bottomonium-like res-
onances Zb(10610) and Zb(10650) were observed by Belle
Collaboration [5], most of theoretical investigations sup-
port the B∗B¯(∗) molecular structure with JP = 1+ [6].
That implies there exist similar structures in charmonium-
like energy regions. As anticipated, a charged charmonium-
like structure, Zc(3900), was discovered by the BESIII
experiment in the π±J/ψ mass spectrum in the process
e+e− → π+π−J/ψ [7], and subsequently confirmed by the
Belle experiment [8]. Based on heavy quark spin symmetry
and heavy flavour symmetry, Guo et al. predict Zc(3900)
as the D∗D¯ partner of the Zb(10610) [9].
Recently, the BECIII Collaboration reported a new en-
hancement structure Zc(4025) in the e
+e− → (D∗D¯∗)±π∓
at
√
s = 4.26 GeV [10]. The mass and width of this state
is M = (4026.3±2.6±3.7) MeV/c2 and Γ = (24.8±5.6±
7.7) MeV/c2. It attracts many attempts to investigate its
possible configurations with various models [11,12,13,14,
15,16]. In Ref. [11], they give an explanation of Y (4260)→
(D∗D¯∗)−π+ decay via the ISPE mechanism. In Ref. [12],
the authors have studied the loosely bound D∗D¯∗ sys-
tem with one-pion exchange model, which indicates that
Zc(4025) is the ideal candidate of the D
∗D¯∗ molecular
state with JP = 1+. We also notice that, charmonium-like
charged tetraquark state with JP = 1+ was studied using
QCD sum rules. The mass obtained is about (4.05± 0.05)
GeV [17].
Due to the asymptotic property of the QCD, studies
of the hadron physics have to concern about the nonper-
turbative effect which is difficult in quantum field the-
ory. There are many methods to estimate the mass of a
hadron, among which QCD sum rule(QCDSR) [18,19,20,
21,22] is a fairly reliable one. In Ref. [23], by assuming
Zc(3900) as a DD¯∗ molecular state with J
P = 1+, we
investigate the mass of this possible molecular configura-
tion within the framework of QCDSR. Although the JP
quantum numbers of Zc(4025) remain to be determined,
it is still preferred to have spin parity JP = 1+ experi-
mentally [7]. Following the opinion in Refs. [7,12], we pro-
pose that Zc(4025) is a D
∗D¯∗ molecular candidate with
JP = 1+, which is the Zb(10650)’s corresponding parti-
cle in the charmonium sector. It is difficult to construct a
suitable axial-vector style molecular current interpolating
the state Zc(4025) using both D
∗ and D¯∗ fields. A possi-
ble interpolating field is supposed to describe this kind of
state D∗D¯∗:
jµ(x) = εµναβ(u¯(x)iγνc(x))Dα(c¯(x)γβd(x)). (1)
Performing the parity transformation to the current, it
satisfies the condition (jµ)p = j
µ.
The rest of the paper is organized as follows. The
QCDSR for the Zc(4025) state is derived in Sec. 2, with
contributions up to dimension six in the operator product
expansion(OPE). The numerical analysis is presented to
extract the hadronic mass in Sec. 3, where a short sum-
mary and conclusion are also presented.
2 QCD sum rules for Z
c
(4025)
In order to get the mass of the particle in the QCDSR
approach, we start from considering the following two-
point correlation function
Πµν(q2) = i
∫
d4xeiq.x〈0|T [jµ(x)jν+(0)]|0〉. (2)
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In consideration of the Lorentz covariance, the above cor-
relation function can be generally decomposed as
Πµν(q2) = (
qµqν
q2
− gµν)Π(1)(q2) + q
µqν
q2
Π(0)(q2). (3)
We select the term proportional to gµν to extract the mass
sum rule, since it only gets contributions from the 1+
state. The QCD sum rule method attempts to link the
hadron phenomenology with the interactions of quarks
and gluons. Three main ingredients are contained in the
process when using this method: an approximate descrip-
tion of the correlation function in terms of intermediate
states through the dispersion relation, an evaluation of
the same correlation function in terms of QCD degrees
of freedom via the operator product expansion (OPE),
and a procedure for matching these two descriptions and
extracting the parameters that characterize the hadronic
state of interest.
We can insert a complete set of intermediate hadronic
states with the same quantum numbers as the current
operators jµ into the correlation function to obtain the
phenomenological expression. The coupling of the current
with the state can be defined by the decay constant as
follows:
〈0|jµ|Z〉 = λǫµ. (4)
Therefore the invariant functionΠ(1)(q2) can be expressed
as
Π(1)(q2) =
λ2
M2Z − q2
+
1
π
∫ ∞
s0
ds
ImΠ(1)phen(s)
s− q2 , (5)
where MZ denotes the mass of the molecular state, and
s0 is the threshold parameter.
In the OPE side, Π(1)(q2) can be written as
Π(1)(q2) =
∫ ∞
4m2
c
ds
ρOPE(s)
s− q2 , (6)
where the spectral density is ρOPE(s) = 1pi ImΠ
(1)(s). Ap-
plying the quark-hadron duality hypothesis with the Borel
transformation, one obtains the following sum rule:
λ2e−M
2
Z
/M2 =
∫ s0
4m2
c
dsρOPE(s)e−s/M
2
, (7)
with M2 being the Borel parameter.
Technically, we work at the leading order of αs and
consider vacuum condensates up to dimension six, in use
of the similar techniques in Refs. [24]. Considering the
isospin breaking effect, we keep the terms which are linear
in the light-quark masses mu and md. After some tedious
calculations, the concrete forms of spectral densities can
be derived:
ρOPE(s) = ρpert(s) + ρ〈q¯q〉(s) + ρ〈g
2G2〉(s) + ρ〈gq¯σ·Gq〉(s)
+ ρ〈q¯q〉
2
(s) + ρ〈g
3G3〉(s), (8)
with
ρpert(s) =
m2c
212π6
∫ αmax
αmin
dα
α4
∫ 1−α
βmin
dβ
β3
(1− α− β)2
× (7α+ 4β + 8)r(mc, s)4
− 1
5 ∗ 212π6
∫ αmax
αmin
dα
α4
∫ 1−α
βmin
dβ
β4
× (29α3 + 60α2β + 39αβ2 + 8β3 − 6α2
− 12αβ − 27α− 24β + 16)r(mc, s)5,
ρ〈q¯q〉(s) =
〈q¯q〉
26π4
mc
∫ αmax
αmin
dα
α(1− α)2 [m
2
c − α(1 − α)s]3
+
3〈q¯q〉
27π4
m3c
∫ αmax
αmin
dα
α2
∫ 1−α
βmin
dβ
β2
× (α2 + 3αβ + 2β2 − 4α− 3β + 1)r(mc, s)2
− 〈q¯q〉
27π4
mc
∫ αmax
αmin
dα
α2
∫ 1−α
βmin
dβ
β3
× (4α2 + 8αβ + 3β2 − 10α− 4β + 2)r(mc, s)3,
ρ〈g
2G2〉(s) =
〈g2G2〉
212π6
m4c
∫ αmax
αmin
dα
α4
∫ 1−α
βmin
dβ
× (1− α− β)2(2α+ β + 1)r(mc, s)
− 〈g
2G2〉
213π6
m2c
∫ αmax
αmin
dα
α4
∫ 1−α
βmin
dβ
β
× (14α3 + 27α2β + 16αβ2 + 3β3 + 14α2
+ 4αβ − 2β2 − 20α− 5β + 4)r(mc, s)2,
ρ〈gq¯σ·Gq〉(s) =
3〈gq¯σ ·Gq〉
27π4
mc
∫ αmax
αmin
dααs[m2c − α(1− α)s]
− 3〈gq¯σ ·Gq〉
210π4
mc
∫ αmax
αmin
dα
α(1 − α)2
× (7α2 − 25α+ 10)[m2c − α(1 − α)s]2
− 3〈gs¯σ ·Gs〉
28π4
m3c
∫ αmax
αmin
dα
α
∫ 1−α
βmin
dβ
β
× (2− 2α− β)r(mc, s)
− 3〈gs¯σ ·Gs〉
29π4
mc
∫ αmax
αmin
dα
α2
∫ 1−α
βmin
dβ
β2
× (α+ β)r(mc, s)2,
ρ〈q¯q〉
2
(s) = −〈q¯q〉
2
24π2
m2c
∫ αmax
αmin
dα[m2c − α(1− α)s],
(9)
3 Numerical analysis and Summary
For numerical analysis of Eq. (7), we first specify the in-
put parameters. The quark masses are chosen as mu =
2.3 MeV, md = 6.4 MeV, and mc = (1.23 ± 0.06) GeV
[25]. The condensates are 〈u¯u〉 = 〈d¯d〉 = 〈q¯q〉 = −(0.23±
0.03)3 GeV3, 〈gq¯σ · Gq〉 = m20 〈q¯q〉, m20 = 0.8 GeV2,
〈g2G2〉 = 0.88 GeV4, and 〈g3G3〉 = 0.045 GeV6 [20].
Complying with the standard procedure of the QCDSR,
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Table 1. Upper limits in the Borel window for the JP = 1+
D∗D¯∗ current obtained from the sum rule for different values
of
√
s0.
√
s0 (GeV) M
2
max(GeV
2)
4.5 2.62
4.6 2.75
4.7 2.91
4.8 3.12
4.9 3.22
the threshold s0 and Borel parameter M
2 are varied to
obtain the optimal stability window. There are two cri-
teria (pole dominance and convergence of the OPE) for
choosing the Borel parameter M2 and threshold s0.
The contributions from the high dimension vacuum
condensates in the OPE are shown in Fig.1, as a function
of M2. We have used
√
s0 ≥ 4.5GeV. From this figure it
can be seen that for M2 ≥ 2.0GeV2, the contribution of
the dimension-6 condensate is less than 3% of the total
contribution and the contribution of the dimension-5 con-
densate is less than 13% of the total contribution, which
indicate the starting point for a good Borel convergence.
Therefore, we fix the uniform lower value of M2 in the
sum rule window as M2min = 2.0GeV
2. The upper limit
of M2 is determined by imposing that the pole contri-
bution should be larger than continuum contribution. In
Fig.2, we show the M2 dependence of the contributions
from the pole terms. Table 1 shows the values of M2max
for several values of
√
s0. In Fig.3, we show the molecular
state mass, for different values of
√
s0, in the relevant sum
rule window. It can be seen that the mass is stable in the
Borel window with the corresponding threshold
√
s0. The
final estimate of the JP = 1+ molecular state is obtained
as
MZ = (4.05± 0.28) GeV. (10)
In summary, we construct a possible interpolator to
describe the Zc(4025) as a axial-vector D
∗D¯∗ molecular
state. QCD sum rule approach has been applied to cal-
culate the mass of the resonance. Our numerical result
is MD∗D¯∗ = (4.05 ± 0.28) GeV which is compatible with
the experimental data of Zc(4025) by BECIII Collabora-
tion. Thus it is concluded that Zc(4025) may be a D
∗D¯∗
molecular state with quantum number JP = 1+, which is
supposed to be the charmonium-like partner of Zb(10650).
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